The snow leopard (Panthera uncia) is an endangered carnivore of southern and central Asia. Approximate 10% of the global population occurs in the Himalayan region of Nepal. The snow leopard is thought to be in decline because of human-snow leopard conflicts, poaching, habitat loss and fragmentation, decreasing prey populations, and a lack of awareness and enforcement of conservation legislation. In this study, we used habitat surveys and genetic analyses of putative snow leopard scats to estimate the abundance, habitat preferences, and diet profile of the snow leopard in the Annapurna Conservation Area, Nepal. Cliffs, grassland, and shrubland at high elevation (3,000-5,000 m) were the preferred habitats of snow leopards. Eighty-three percent of collected scats collected were verified to be from snow leopards using mitochondrial DNA cytochrome-b species-specific polymerase chain reaction assays. Sixty-two percent of the scats were successfully genotyped using 6 microsatellite markers, and identified as having originated from 5 different individuals. The dispersion of multiple scats from the same individual suggested minimum movement ranges of 89.4 km 2 for males and 59.3 km 2 for females. Estimated population density was 1.9 individuals/100 km 2 and 22 snow leopards were estimated to inhabit the upper Mustang region. Microhistological analysis of scats (n ¼ 248) revealed that blue sheep (Pseudois nayaur) was the primary wild prey (63%), and livestock also contributed significantly (18%) to snow leopard diet. We used a multipronged strategy for assessing conservation options for this rare carnivore and compared our findings with those pertaining to other predators of the region that share similar habitats and resources. The findings from this study will be helpful in managing snow leopards and similar carnivore populations across the snow leopard's entire geographic range.
The snow leopard (Panthera uncia) is an endangered carnivore of southern and central Asia, with an estimated population of 3,500-7,000 individuals and a geographic range of more than 3,024,728 km 2 (Hunter and Jackson 1997; McCarthy et al. 2003; Jackson et al. 2008 ; International Union for Conservation of Nature 2011). Fox (1989) estimated that 1,230,000 km 2 was suitable habitat for snow leopards within its geographic range. The Himalayan region of Nepal contains approximately 27,432 km 2 of potential habitat for snow leopards (Jackson and Hunter 1996; Jackson 2002) , with about 65% of this occurring outside protected areas (Jackson and Ahlborn 1984; The snow leopard is one of the top predators in the Himalayan ecosystem (Fox 1994; Oli 1997; Ale 2007; Jackson et al. 2008; Lovari et al. 2009 ). Snow leopard numbers in Nepal are declining, primarily due to human-wildlife conflicts (including retaliatory killing for livestock depredation and poaching), loss of habitat due to high densities of livestock, habitat fragmentation, decreasing prey populations, and a lack of conservation awareness and conservation legislation enforcement (Oli 1997; McCarthy et al. 2005; Jackson et al. 2006; Ale 2007; Lovari et al. 2009; Aryal et al. 2010a Aryal et al. , 2010c . However, our knowledge of the distribution and ecology of snow leopards in Nepal is lacking, and the snow leopard's secretive habits and distribution in inaccessible habitats make it challenging to gather critical information (Fox 1994; Oli 1997; Jackson et al. 2006 Jackson et al. , 2008 Ale and Brown 2009; Lovari et al. 2009; Shehzad et al. 2012; Aryal et al. 2013b) .
Published studies on the snow leopard in Nepal (Oli 1997; Ale 2007; Lovari et al. 2009; Karmacharya et al. 2011 ) mainly focus on presence-absence, diet, home range, and habitat in the Dolpa, Manang, and Sagarmatha regions. Lacking, however, is information for the upper Mustang region. The Mustang region has a cold desert climate, low human density, and low prey and predator densities, and lacks forest (Aryal et al. 2012a (Aryal et al. , 2012b (Aryal et al. , 2014b . These environmental variables are known to influence snow leopard density, abundance, home-range area, and feeding ecology (Aryal et al. 2012a) . Furthermore, the Snow Leopard Information Management System (SLIMS) methodology (Jackson and Hunter 1996) has been widely used in previous studies for estimating snow leopard status within its geographic range (Jackson and Hunter 1996; Ale 2007 ). The SLIMS methodology has reported bias (Janecka et al. 2008; McCarthy et al. 2008) ; however, it is cost effective and easy to implement for monitoring of this species (Jackson and Hunter 1996; Ale 2007; McCarthy et al. 2008; Lovari et al. 2009 ). Recently, genetic analysis of DNA from fecal samples and camera trapping have been recognized as more reliable methods to identify individuals and estimate population sizes (Janecka et al. 2008; McCarthy et al. 2008; Karmacharya et al. 2011; Shehzad et al. 2012) .
We report the results of a population survey based on genetic analysis of putative snow leopard scats in the upper Mustang region of Nepal. This technique has recently been used for snow leopard studies throughout its range, and appears reliable for identifying field-collected scats for use in diet analysis, landscape connectivity, gene flow, distribution, and population density analyses (DeYoung and Honeycutt 2005; Lovari et al. 2009; Karmacharya et al. 2011; Shehzad et al. 2012) . The objectives of our study were to estimate snow leopard abundance in the upper Mustang region, compare feeding ecology between snow leopards in Manang and Mustang districts, and estimate potential habitats for snow leopards in the Annapurna Conservation Area.
MATERIALS AND METHODS
Study area.-The study was conducted in the upper regions of the districts of Mustang and Manang in the Annapurna Conservation Area in Nepal. Habitat surveys were conducted in the upper Mustang region, where putative snow leopard scats were collected. However, only known snow leopard scats were collected from the Manang district. The Manang district covers an area of 2,246 km 2 and its elevation ranges from 1,600 to 8,156 m (Mt. Manaslu-Aryal et al. 2010b , 2010c , 2012a . Further details about the study area are described in Aryal et al. (2012b Aryal et al. ( , 2014b . The climate of the districts was subalpine, with temperatures ranging from 258C to À38C (Aryal et al. 2014a) . Agricultural production was very limited and animal husbandry and tourism were the major sources of income (Aryal et al. 2013a) . The vegetation of the area was primarily high-altitude grassland and included species such as Caragana spp., Carex spp., and Kobresia spp. (Aryal et al. 2012a (Aryal et al. , 2014a (Aryal et al. , 2014b . The Mustang and Manang districts both provided good pastureland for livestock and also supported a large number of rare and endangered fauna, including blue sheep (Pseudois nayaur), gray wolf (Canis lupus), brown bear (Ursus arctos), lynx (Lynx lynx), and snow leopard (Aryal et al. 2012a (Aryal et al. , 2014b Habitat survey.-In May 2010, we visited the 6 Village Development Committees in upper Mustang and met with local people and herders (n ¼ 241). We conducted a workshop in upper Mustang to explain the threats faced by the snow leopard and prepare a participatory map for quantifying the distribution of the snow leopard. We divided upper Mustang into grids with a cell size of 4.5 3 4.5 km, based on an average snow leopard home-range size of approximately 20 km 2 (11-37 km 2 [Jackson 1996 ], and 13.9-22.3 km 2 [Oli 1997]) . These participatory maps were georeferenced using a topographic map of the region. We surveyed the grids of upper Mustang using a single-season (one-time) survey to estimate actual snow leopard population density and distribution in participatorymapped region. If we found sign or had a direct observation of the target species in a grid, we recorded that grid as an area of habitat use and snow leopard presence, stopped the survey in that grid, and started in another grid (Hall et al. 1997; MacKenzie et al. 2006) . Based on the survey with local people and herders, we first visited grids that contained the most probable snow leopard habitat, including riverbeds, ridges, and gullies, on horseback to search for snow leopard sign. If we found no sign of snow leopards after travelling all possible sites of the grid, we noted the area as an absence, and then moved to another grid. For remote and inaccessible areas, we used information from local people to determine snow leopard presence or absence. The main purpose of this survey was to understand habitat use and availability for snow leopards in the region.
We entered all presence and absence data into ArcGIS 10 (Environmental Systems Research Institute 2011) to create a presence-absence grid, and then overlapped this with the study area using Hawth's Analysis Tools for ArcGIS 9.x (Beyer 2004) . We characterized presence areas as habitat areas currently in use and absence areas might be potential habitat for snow leopard. We calculated elevation, slope, aspect, and land use for each presence and absence grid as well as the distance to water sources and villages. Slope was reclassified into 7 categories using 108 intervals (1 108 to 7 ! 608). Aspect was reclassified into 8 classes (north, northeast, east, southeast, south, southwest, west, and northwest). Vector layers (contours of 20-m intervals, land-use layer, and ecological layers) were obtained from the Department of Survey, Government of Nepal, and the International Centre for Integrated Mountain Development (International Centre for Integrated Mountain Development 2011). We took 20-m interval contour layers and created a 500-m interval elevation model (digital elevation model) using 3-dimensional analysis, and prepared slope and aspect layers for further analysis. Overlapping the presence-absence grid with the layers allowed for further analysis of habitat use and availability for snow leopards in the upper Mustang region.
We used Ivlev's electivity index (IEI) to understand habitat preference of snow leopards (Ivlev 1961; Krebs 1989; Hall et al. 1997; Ale and Brown 2009; Aryal et al. 2010b) The IEI is calculated as U% À A%/U% þ A%, where U represents use area (presence area) and A represents availability area (absence area -Ivlev 1961; Krebs 1989) . A 1-way analysis of variance was performed to evaluate habitats, with the null hypothesis being that all habitats were used in proportion to their availability. ''Use area'' as a dependent variable and ''available area'' as an independent variable were used for the analysis. Spearman's correlation was used to test for significance between various ''use'' and ''available'' areas of snow leopard habitats.
Snow Leopard Information Management System habitat surveys and scat collection.-The SLIMS surveys of snow leopard sign were conducted from January to June 2010 in the upper Mustang region (Jackson and Hunter 1996) . Putative snow leopard scat samples were identified based on size, pugmarks, scrapes, and scent spray (Aryal and Kreigenhofer 2009) . Scat samples were collected from ridges, riverbeds, and cliffs, with the SLIMS method (Jackson and Hunter 1996) . We only collected scats for diet analysis if we found signs of snow leopard scraping or scent spray (Jackson and Hunter 1996; Ale 2007) ; however, noninvasive genetic work on scats from India, China, and Mongolia suggested that up to 54% of scats collected as snow leopard scats were actually from other species, such as red fox (Vulpes vulpes- Janecka et al. 2008) . Snow leopard scats were collected from both study areas for 3 seasons (winter: November 2009, January-February 2010; spring: March-April 2010; summer: June-July 2010). Additional scats were collected during April-July 2011 and March-April 2012 for noninvasive genetic analysis. This detailed survey methodology was adopted in the upper Mustang region to collect putative scats. However, from the Manang district, we only collected scats of snow leopards from January 2010 to April 2010, and did not conduct habitat surveys.
DNA extraction.-Putative scats of snow leopards (n ¼ 34) collected from upper Mustang during April-July 2011 and March-April 2012 were analyzed using SLIMS recommended protocols for genetic analysis. Scats were preserved in silica gel and transported to the genetic laboratory of the Center for Molecular Dynamics, Nepal, for analysis. DNA was extracted using the Qiagen QIAamp DNA Stool kit (Qiagen, Hilden, Germany) following the recommended protocol.
Species identification.-A cytochrome-b segment of mitochondrial DNA specific for snow leopard was amplified using a polymerase chain reaction (PCR) primer set (CYTB-SCT-PUN F and CYTB-SCT-PUN R) for species identification (Janecka et al. 2008) . A 7-ll PCR was prepared containing 3.5 ll of 53 Qiagen Master Mix, 0.7 ll of 53 Qiagen Solution, 0.07 ll of each primer, 1.16 ll of distilled water, and 1.5 ll of extracted undiluted DNA. The PCR was carried out at the following thermocycling conditions: 958C for 15 min followed by 50 cycles of 948C for 30 s, 608C for 15 s, and 728C for 1 min. One known snow leopard sample was incorporated as positive control. The amplified PCR products were visualized in 1.8% agarose gel.
Sex identification.-Sex identification was accomplished using PCR on snow leopard species PCR-positive samples with felid sex-specific PCR primers (AMELY F and AMELY R- Murphy et al. 1999) . A 7-ll PCR was prepared containing 3.5 ll of 23 Qiagen Master Mix, 0.7 ll of 53 Qiagen Solution, 0.07 ll of each primer, 1.16 ll of distilled water, and 1.5 ll of extracted undiluted DNA. PCR thermocycling conditions were: 958C for 15 min followed by 50 cycles of each: 948C for 15 s, 558C for 30 s, and 728C for 1 min. The PCR products, with incorporated male and female snow leopard positive controls, were visualized in 2% agarose gel.
Individual identification by PCR.-Six microsatellite loci located at 6 different chromosomes of the snow leopard genome were targeted using sets of 6 primers with tagged fluorescent dyes (see detail for 6 microsatellite primer sequences in Janecka et al. [2008] and Karmacharya et al. [2011] ). Six polymorphic microsatellite loci chosen were sufficient to give the value of probability of identity that was adequate to characterize individuals in a population sharing the same genotype (Janecka et al. 2008) .
Genotyping for individual identification was optimized for multiplex PCR. Six microsatellite primers were divided into 2 combinations each containing 3 of the primer pairs. One combination of primer pairs included tagged forward and untagged reverse primers for loci PUN124, PUN229, and PUN1157 (Janecka et al. 2008) . The 2nd combination consisted of primer pairs, tagged forward and untagged reverse primer, for loci PUN132, PUN894, and PUN935 (Janecka et al. 2008 ). For each sample, multiplex PCR was performed for both combinations in a 7-ll reaction volume. For the 1st multiplex PCR combination, a total of 7-ll reaction volume contained 3.5 ll of Qiagen Master Mix (23), 0.7 ll of Qsolution (53; Qiagen, Hilden, Germany), primers for PUN124 at 0.5 lM, primers for PUN229 at 0.4 lM, primers for PUN1157 at 0.2 lM, and 1.5 ll of DNA. Similarly for the 2nd multiplex PCR combination, a total of 7-ll reaction volume contained 3.5 ll of Qiagen Master Mix (23), 0.7 ll of Qsolution (53), primers for PUN132 at 0.5 lM, primers for PUN894 at 0.4 lM, primers for PUN935 at 0.2 lM, and 1.5 ll of DNA.
The PCR was carried out at the following thermocycling conditions: 958C for 15 min followed by 40 cycles at 948C for 30 s, 558C for 90 s and 728C for 90 s, and a final extension of 728C for 10 min. The PCR product was diluted to 1:60 by adding 118 ll of distilled water to 2 ll of the PCR product. One microliter of the diluted PCR product was then mixed with 9 ll of Hi-Di formamide (Applied Biosystems, Grand Island, New York) and 0.25 ll of GeneScan 500-Liz DNA size standard (Applied Biosystems, Warrington, United Kingdom). The mixture was denatured at 948C for 5 min and immediately cooled. The samples were then injected into a capillary tube (36 cm, POP4 polymer) by applying an injection voltage of 1 kV for 5 s in an ABI310 Genetic Analyzer (Applied Biosystems, Grand Island, New York). The capillary electrophoresis was performed at a voltage of 15 kV at 608C. We determined the size of alleles using the software Genemapper 4.0 (Applied Biosystems 2009). Individuals were identified using unique composite genotypes.
Movement pattern analysis.-The locations of scats from genetically identified snow leopard individuals were plotted in the ''land use'' layer of the region. Minimum convex polygons were created to calculate the home ranges and understand the movement pattern and area covered by the individual. We used Hawth's Analysis Tools for ArcGIS 9.x (Beyer 2004) for the calculation of area of coverage by all individuals and by each individual. Once the home-range area was calculated it was used to estimate the potential number of snow leopards living in the region by dividing the area of suitable habitat in the upper Mustang region by the average home-range size of snow leopards.
Diet analysis.-Standard microhistological methodology was used to identify prey species from hair samples found in scats by comparing them to reference hair samples from all potential prey species (Oli 1993; Oli et al. 1993; Mukherjee et al. 1994; Aryal and Kreigenhofer 2009; Aryal et al. 2012b ). Snow leopard scats were collected via SLIMS; therefore, we collected scats only if we found snow leopard sign around the scats, such as scent spray, scrapes, pugmarks, or a combination of these. There were no other cat species in the area; however, we made careful observations in order to distinguish snow leopard scats from those of other carnivores, such as red fox, jackal (Canis aureus), wolf, and domestic dog (Aryal and Kreigenhofer 2009; Aryal et al. 2014b ). The microscopic structure of the medulla and cuticular structure of hair were observed to identify prey items in the scats (Oli 1993; Bahuguna et al. 2010; Aryal et al. 2014b) .
Hair samples from the scat were first washed in hot water. Items other than hair such as mud, bones, and vegetation were recorded and then removed; only hair samples were processed further. Hairs were thoroughly air-dried and then cleaned in ether for 1 h to remove wax and any traces of moisture. Finally, the hairs were passed through xylol for 24 h. A gelatin solution was used to prepare slides to show the cuticular structure of hairs and examine the medulla structure of the hair; cuticular scales were observed by the impression technique (Oli 1993; Bahuguna et al. 2010) . Slides were observed under a light microscope (1003 and 4003). At least 20 hair samples were analyzed from each scat sample and we calculated the frequency of occurrence of each prey item in the snow leopard scats (Oli 1993; Mukherjee et al. 1994; Aryal and Kreigenhofer 2009; Bahuguna et al. 2010; Aryal et al. 2014b) . A chi-square test was used to determine significant differences between prey frequencies within each season and between seasons.
RESULTS
Snow leopard status.-Snow leopard surveys were conducted in 6 Village Development Committees (Lomangthnag, Chhunup, Chhoser, Charang, Ghami, and Surkhang) of the upper Mustang region (Fig. 2 ). An occupancy survey revealed the presence of snow leopards in 41 grids covering an area of 846.0 km 2 , whereas snow leopards were absent in 77 grids covering 1,211 km 2 (Fig. 2) . One hundred thirty-eight transect lines were surveyed in potential snow leopard habitats, including ridgelines, riverbanks, and gullies in the upper Mustang region. Transect line lengths varied from 100 to 1,000 m and covered 59.9 km. Altogether, 283 instances of snow leopard sign were recorded along the transects. Scrapes were the most common type of sign (62%) observed, followed by scats (35%), pugmarks (1%), and urine spray (1%; Table 1 ). Chhoser and Surkhang Village Development Committees contained most of the snow leopard sign-34% and 33%, respectively-followed by the Ghami, Table 2A ). Snow leopards primarily used barren land (55%), followed by grassland (39.5%), but did not frequent sand (2%) or glaciers (, 1%).
Snow leopards also used , 1% of land near human settlements, a habitat type that compromised approximately 2% of available land in the upper Mustang region.
Elevation.-Snow leopards preferred elevations ranged between 3,500 and 5,000 m, especially elevation ranges of 4,000-4,500 m (IEI ¼ 0.59) and 4,500-5,000 m (IEI ¼ 0.44). Snow leopards avoided elevations . 6,000 m and , 3,000 m (Table 2B) Table  2D ).
Species identification.-Out of 34 putative scat samples, 85% (29) were identified as originating from snow leopards (Supporting Information S1, DOI: 10.1644/13-MAMM-A-243. S1). Of these, 27.6% were identified as originating from a male and 72.4% from a female (Supporting Information S2, DOI: 10.1644/13-MAMM-A-243.S2). Out of the 29 snow leopardpositive PCR samples, 62% were successfully genotyped using 6 microsatellite markers. Five unique individuals (3 males and 2 females) were identified ( Fig. 3; Table 3 ).
Movement pattern and population density.-The 5 snow leopards ranged over an area of 264.7 km 2 during the study periods in which we collected scats (Fig. 3) . The minimum convex polygon area of Female 3 was 59.3 km 2 and the area of Male 1 was 89.4 km 2 for the year; the average of polygons was 52.9 km 2 (Fig. 3) . Male 1 and Females 2 and 3 had overlapping movement areas. The single data points for Male 2 and Female 1 fell outside of the movement areas of all other individuals (Fig. 3) was uniform across all seasons, with blue sheep comproing the highest percentage of prey species in snow leopard scats in winter (65%; v 2 10 ¼ 9.9, P ¼ 0.01), spring (61%; v 2 11 ¼ 12.24, P ¼ 0.0001), and summer (54%; v 2 10 ¼ 9.12, P ¼ 0.0001; Table  4 ). Livestock contributed an average of 17.4% to the snow leopard diet throughout all seasons in the upper Mustang region, with slightly more livestock contributing in winter (21%), followed by spring (15%) and summer (13% ; Table 4 ).
Manang region.-In the Manang region blue sheep also represented a significant majority of the diet of snow leopards (59%, v Table  4 ). Livestock composed an average of 23.5% of the overall diet of snow leopards in the Manang region (v 2 15 ¼ 1.7, P ¼ 0.3), but again slightly more livestock were found in winter (25.6%) than in spring (20.7%; Table 4 ).
DISCUSSION
Occupancy and SLIMS.-In our occupancy survey, we used a 4.5 3 4.5-km grid, which represented the assumed average home-range size for snow leopards in Nepal (Jackson 1996; Oli 1997) . The home range of snow leopards depends on prey availability and the landscape pattern (McCarthy 2000) , with home ranges expected to be smaller in regions of high density of prey (MacArthur 1972; McCarthy 2000) , as was the case in our study area. Our small sample sizes did not allow us to estimate actual home ranges, but rather minimum home ranges of the snow leopards for which we collected multiple scats. Our estimates of minimum home-range size were nonetheless larger than previous estimates of 37 km 2 obtained by radiotracking (Jackson 1996) .
Site occupancy modelling is used to estimate population density, occupied habitats, and species richness (MacKenzie et al. 2002 (MacKenzie et al. , 2006 . We used a single-season occupancy habitat survey and did not find snow leopard sign in 77 grid plots; however, this does not mean snow leopards were not present in (Fig. 3) these grids. Therefore, occupancy surveys lasting 2 or more seasons are recommended to understand seasonal habitat use and occurrence of the species across the landscape. Therefore, had we relied on the SLIMS method, which uses sign density to estimate snow leopard numbers, we would have concluded that 8-25 snow leopards existed in the upper Mustang region. The SLIMS methodology has several weaknesses, including observer bias, misidentification of sign, effects of varying environmental conditions, and site-selection bias. It is, nonetheless, a useful method for obtaining preliminary presence and absence data for snow leopards in a region . McCarthy et al. (2008) suggested a more reliable and lower-cost method to determine snow leopard population and distribution estimates via fecal DNA analysis. However, multiseason presence-absence site occupancy surveys may be the best option when DNA analysis is prohibitively expensive (MacKenzie et al. 2002 (MacKenzie et al. , 2006 . ). Our results showed that noninvasive genetic analysis was more appropriate method to estimate snow leopard density. These methods can be implemented for other species (e.g., brown bear, red fox, wolf, blue sheep, and marmot) at the regional level to explore their status. These species coexisted and shared similar habitat with snow leopards at the regional level (Aryal et al. 2010b (Aryal et al. , 2010c (Aryal et al. , 2012a (Aryal et al. , 2013b .
Habitat use and availability.-Our results showed snow leopards avoided areas associated with agriculture and human settlement in the upper Mustang region, where they used only about 0.4% of these areas, similar to results of previous studies (Schaller 1977; Jackson and Hunter 1996) . However, a lack of wild prey species often causes snow leopards to approach human settlement in search of livestock. Most of the upper Mustang pastureland was utilized seasonally by livestock. Similarly, snow leopard habitats in Sagarmatha National Park were significantly used by tourists, porters, guides, and livestock, which disturbed and harassed snow leopards in the region (Wolf and Ale 2009) . In upper Mustang, habitat preference by the snow leopard depended on prey availability. Cliffs, grasslands, shrubland, ridges, and gullies were preferred by snow leopards where more livestock and wild prey were observed grazing regularly. Barren land and glaciers were avoided by snow leopards, although they might be used by leopards opportunistically while hunting, mating, and marking territory borders (Lovari et al. 2009; Wolf and Ale 2009 ). Similar habitat features were used by brown bears (Aryal et al. 2012b ) and blue sheep (Aryal et al. 2012a (Aryal et al. , 2013b in the region.
Our study showed that in upper Mustang and Manang, snow leopards preferred the 3,000-to 5,000-m elevation range, but not higher than 5,000 m. Other studies suggested that snow leopards preferred higher elevations (Schaller et al. 1988; Fox et al. 1991; Schaller 1998) , whereas Wolf and Ale (2009) recorded a preference for lower elevations.
Genetic-based estimates of movement areas and density.-Our study estimated snow leopard home ranges to vary from 59 to 89 km 2 , which was greater than reported in previous studies in this region (Jackson and Ahlborn 1984; Jackson 1996; Oli 1997 ), but much smaller than the home range of . 300 km 2 reported for snow leopards in Mongolia (McCarthy et al. . The home range of carnivores depends heavily on prey availability and carrying capacity in the region (Aryal et al. 2014b) , with a high density of prey leading to small home ranges, and conversely, a low availability of prey leading to large home ranges. A low availability of natural prey also can result in livestock predation and increase the risk of retaliatory killing of snow leopards. Given the small number of samples from each snow leopard, these figures almost certainly underestimated home-range size, but nonetheless indicate a minimum home-range size for the study animals. We estimated a potential of 22 snow leopards in the upper Mustang region; the estimate was similar to carrying capacity estimated by Aryal et al. (2014b) for the region. The home range we estimated for the snow leopard was similar to that of other large predators such as tiger (Panthera tigris -Seidensticker 1976; Sunquist 1981; Smith 1993; Majumder et al. 2012) . Diet and noninvasive analysis.-In recent studies (Karmacharya et al. 2011) , only 27% of putative snow leopard scats were found to actually be from the target species. Similarly, Lovari et al. (2009) reported that only 44% of field-collected scats belonged to snow leopards. Shehdaz et al. (2012) reported that only 43.3% of scats belonged to snow leopards out of all collected samples (n ¼ 203). However, in our study about 85% of scat samples were from snow leopards, most likely because we only collected scat associated with snow leopard scrapes, leading to a low level of misidentification.
Our analyses suggested that the snow leopard's primary wild prey species was the blue sheep followed by the Himalayan marmot in upper Mustang, and musk deer (Moschus spp.) in the Manang region, where Himalayan marmots were absent. Significantly, livestock was the 2nd most consumed item, which may be of concern to both the local farmers and the snow leopards. Predation of livestock was particularly severe in winter, when marmots are unavailable. We analyzed indigestible hair samples from snow leopard scats collected in upper Mustang and Manang. It is important to recognize that by only studying hair samples from scat, we cannot determine whether the prey was killed or scavenged, and it is impossible to predict how many individuals of the identified prey species were consumed, especially with small mammals such as pikas (Ochotona roylei) and marmots commonly found in the scats (Floyd et al. 1978; Oli et al. 1993; Aryal and Kreigenhofer 2009) . Earlier studies in Nepal also documented conflicts between people and snow leopards due to snow leopard depredation of livestock; these data were collected through interviews with local people and diet analysis (Schaller et al. 1987; Fox et al. 1991; Oli 1993; Oli et al. 1993; Aryal and Kreigenhofer 2009) .
Blue sheep was the main prey species of snow leopards in Manang and upper Mustang, whereas Himalayan tahr (Hemitragus jemlahicus) was the primary prey species in Sagarmatha National Park (Lovari et al. 2009 ). Microhistological-based diet analysis gives lower estimates for small mammals and the method relies on the proportion of hairs or animal remains in the scats (Ackerman et al. 1984) . Therefore, our results estimated the minimum proportion of small mammals, such as pikas and marmots. Our diet analyses indicated that there was no marmot in the snow leopard diet from the Manang district; however, Oli et al. (1993) reported that about 20% of the overall diet consisted of marmots in the same area 2 decades ago. Field surveys for marmots and interviews with local people (n ¼ 279) over the past 3 years have indicated that the marmot is only found in the Mustang region and is not found in the Manang region. Therefore, marmots found in snow leopard scats in Manang district ) might be due to snow leopards travelling from upper Mustang to Manang, even though there was a 7-km 2 area composed of high mountains, barren land with no grasses, and an absence of prey species representing a barrier between Manang and upper Mustang in terms of connectivity of habitat (Fig. 2) . Further genetic-based studies should be conducted to examine the connectivity of snow leopard populations between the Manang and upper Mustang regions.
There were other predators in the region such as brown bears, red fox, and wolf that depend upon similar habitat and prey species (Aryal et al. 2012a) . Because snow leopards and brown bears have overlap of diet and habitat in the region, there may be competition between them. Our research can be a model that can be replicated with other species at the regional level to understand interactions among species. Finally, we believe the findings may be useful in the preparation of a conservation strategy for snow leopards and its associate prey at a regional level. 
